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INTRODUCTION

In recent years, workers have become increasingly aware of the

usefulness of sedimentary structures in paleoenvironmental recon-

struction, particularly in strata where fossils are rare or absent.

Non-fossiliferous or slightly fossilferous shales and sandstones

comprise the bulk of the total thickness of Pennsylvanian rocks in

Northern Illinois and are thus highly suited to this type of study.

This paper provides a classification of internal sedimentary
structures commonly seen in the Pennsylvanian rocks of northern

Illinois, and relates these structures to environmental processes on
the basis of previous work. I have observed most of the structures

in modern marine and fluvial-deltaic environments, all have been

previously described in the literature, notably by McKee et al.

(1957), Moore and Scruton (1957), Botvinkina (1959), Van Stratten

( 1959), and Visher ( 1965), and others.
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Sedimentary structures were examined and systematically col-

lected from over 25 outcrops and drill cores from the middle Penn-

sylvanian Carbondale Formation in the northern third of the Illinois

Basin in north central and western Illinois. Sample locations are

listed in the Appendix.

Strata sampled include the Francis Creek Shale, Unit 6; Mecca

Quarry Shale, Unit 8; Oak Grove Limestone, Unit 9; Purington
Shale, Unit 10; Pleasantview Sandstone, Unit 1; and the Summum
(No. 4) Coal and Underclay, Units 5 and 4, respectively. These
strata have received much attention by stratigraphers in northern

Illinois and are considered as being typical of northern Illinois

cyclothems. The generalized stratigraphic distribution of the sedi-

mentary structures is shown in Table 1. Numbers refer to members
of Weller's ( 1956) cyclothem model.

METHODS

Internal sedimentary structures are defined as variations in

sediment composition, of primary or secondary origin, formed on or

just beneath the depositional surface, and visible by any means.

Excluded from this category are structures of diagenetic origin.

Internal sedimentary structures are usually readily visible at con-

tacts between strata of different color or composition, but are often

indistinct within the drab siltstones and claystones such as the

Francis Creek Shale and the Purington Shale. In sandier specimens,

weathering sometimes enhances color contrast enough for iden-

tification. Structures in the black, sheety Mecca Quarry Shale and
the Oak Grove Limestone members are generally visible in the field.

Several techniques were employed to reveal internal sedimentary
structures in hand specimens. Coarse siltstone, sandstone, and

limestone, particularly those of varying composition, present the

least difficulty in sample preparation; structures in these rocks can

often be observed in the field. Specimens requiring detailed study
were cut on a diamond saw and ground on laps in the standard

manner. Polishing was necessary for limestone and siltstones with

indistinct structures. Apparently homogeneous sandstones were

x-rayed for structures invisible under reflected light.

Patchen's (1967) techniques for x-ray analysis of rock sections

were used as a starting point for x-raying the sandstones; addi-

tional procedures were developed by trial and error. The most





544 FIELDIANA: GEOLOGY, VOLUME 33

satisfactory combination found for one-eighth-inch thick slabs of

fine sandstone is 75 KV at 3 ma, for 30 sec. at 24 in. on a Siemens-

Reininger medical x-ray machine. Kodak industrial type M film was

developed in Kodak x-ray developer for 5 min.

In siltstones and claystones, large scale sedimentary structures

(up to 10 in. ) are revealed by dry grinding on a belt sander followed

by lap grinding on a dry wheel. A medium or coarse grade sanding
belt works best. Finer grades have a tendency to clog. With very
fine shales, final grinding and polishing is done on paper towels

impregnated with grinding or polishing compound.

Internal sedimentary structures are classified by general mode of

origin (table 2). The threefold classification used here recognizes
structures produced by physical processes, biological activity, and
the interaction of physical and biological processes.

PHYSICAL STRUCTURES

Parallel Laminations

Parallel laminations are straight, parallel, alternating layers of

different color or texture (fig. la, b). Each lamina is about 2 cm. or

less in thickness but lamina thickness may vary within a bed.

Lamination reflects some inherent variation in the component
particles produced during the process of layering by the deposi-
tional medium. Parallel laminae may be caused by suspension
sedimentation from a low-velocity medium, or by stratification of

the bed form by high-velocity currents (Simons et al., 1961). Thin

parallel non-graded laminations are the most commonly observed

sedimentary structures and are characteristically found in the thick

gray shale facies (e.g., the Francis Creek Shale, localities F18, W59,
L16, L12, and G26; and upper parts of Purington Shale, localities

PI, Ma2, F2). Parallel laminations also occur in the sheet and elon-

gate sandstone facies (e.g., the Pleasantview Sandstone, localities

F8, F10, and PI; and upper sandstone facies of the Francis Creek

Shale, localities W59. The dominant sedimentary structure in the

Mecca Quarry Shale is the parallel lamination which occurs in

nearly all Mecca Quarry Shale localities.

Cross Laminations

According to Krumbein and Sloss (1963), "Cross Bedding is an

arrangement of laminae transverse to the planes of stratifica-

tion ..." Cross laminae may be formed in four ways (Masters,
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Table 2. Classification of sedimentary structures.
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organic material in the trough. Oscillation ripples occur in the sheet

and elongate sandstone facies of the Pleasantview Sandstone,
localities F10, Fll, F18; and the upper parts of the Francis Creek

Shale and Purington Shale.

Current Ripples

Current ripples have asymmetrical slopes (gentle upcurrent and

steep downcurrent) and are formed by moving currents of wind and

water (fig. If). In water, the ripples migrate downstream as

particles roll up the stoss slope and down the lee side of the ripple;

in the case of accretion, leaving a set preserved. Textural variations

usually appear as fines and organic matter filling in the lee slopes of

the ripple. Current ripples occur in localities F18, F19, W59, L, in

the same facies as oscillation ripples.

Ripple Drift Cross Lamination

Ripple drift cross lamination (Walker, 1963) is formed by ripples

climbing up the stoss side of the ripple immediately down current,

with a net accumulation of sediment (fig. 2). Walker defined two
distinct and one intermediate type of ripple drift cross lamination.

The two end members are characterized by either erosion or absence

of erosion of the stoss side laminations. Fine material is often

deposited on the stoss side of the ripples. Unlike other types of

cross lamination, ripple drift permits an unequivocal process inter-

pretation in the geological record. Specifically it indicates con-

tinuous traction deposition coupled with continuous fallout of

sediment from suspension (Masters, 1965). Ripple drift cross-

laminations are common features of modern delta front sub-aqueous

Opposite:

Fig. 1. Physical Sedimentary Structures. A, Thin (2 mm.) parallel, non-graded
laminations from the lower part of the Francis Creek Shale, Peabody Coal Com-

panies Pit 11. The fine texture and non-graded nature of these laminations suggests

that they were deposited from a low velocity suspension medium. B, Thick ( 1-2 cm.)

parallel, non-graded laminations from a thin sandstone unit in the middle to upper

part of the Francis Creek Shale, Pit 11. This type of laminated structure results

from high velocity currents stratifying the bed form. C, Sequence of structures pro-

duced by increasing current velocity. An increase in grain size and ripple amplitude

accompanies the change in sedimentary structures from low-velocity parallel lami-

nations at the base to high-velocity laminations at the top of the sequence. C,D,

after Coleman and Gagliano ( 1965). D, Convolute laminations. E, Oscillation ripples.

F, Current ripples formed by current moving from left to right.
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levee environments and are much less frequently found in any other

delta environment (Coleman and Gagliano, 1965). Ripple drift

cross-lamination is most often observed in the sheet sandstone

facies of the Francis Creek Shale and Pleasantview Sandstone,
localities F18, W59, Flu, and Fll.

Clay Inclusions

Inclusions are defined as particles considerably larger than the

general particle size of the sediment, and composed of a material

different from that of the sediment matrix. Clay inclusions, often

termed "mud balls" or "mud clasts," occur frequently in a sand

matrix, sometimes armored with sand particles picked up during
bottom transport ( fig. 3). Often the fragments are angular and show
no abrasion, indicating a nearby source area of consolidated or

possibly dried out sediments (Smith, 1972). Clay inclusions are

commonly found in distributary channel and channel mouth bar

deposits of modern delta environments (Coleman and Gagliano,
1965). Clay inclusions occur at the edge and base of "elongate"
sandstones above the Francis Creek Shale at localities F8, F10,

Fll, F18, and W59. Occasionally clay inclusions were found bedded

within sandstone units (i.e., locality L).

Concretions

Siderite concretions are commonly preserved in the drab gray
shales. Concretions in laminated thick facies of the Francis Creek

Shale show two main modes of preservation. One group contains

plant and animal fossils that are generally tabular in shape, lie in

the horizontal plane, and often reflect the shape of the fossil (i.e.,

the Mazon Creek Fauna; Johnson and Richardson, 1970). The

preservation spectrum of the Mazon Creek Fossils in these con-

cretions ranges from excellent to poor.

Opposite:

Fig. 2. Ripple drift cross-lamination. Specimen from thin sandstone in Francis

Creek Shale. Peabody Coal Companies Pit 11. A, Ripple drift cross-lamination set

with truncated back (stoss) slope. This type is a product of minimum sediment fall-

out during ripple migration wherein erosion removes part of the back slope of the

ripples. B, Ripple drift cross-lamination set with the ripple form preserved. Fine-

grained, suspension-laid sediments are preserved on back slopes of the ripple as a

result of substantial sediment fallout in reduced current conditions. C, Diagram-
matic section of truncated ripple drift set. D, Diagrammatic section of ripple drift

set.



Fig. 3. Physical sedimentary structures. A, Mud clasts and siderite nodules in

sandstone matrix. B, Siderite concretion in parallel laminated Francis Creek Shale.

C, Phosphatic nodules in Mecca Quarry Shale. D, Pyrite nodule. E, Fluid escape

siderite concretion from the Francis Creek Shale. F, Fossiliferous siderite concretion

from the Francis Creek Shale. G, Erosional truncation of parallel laminated shale by

conglomeratic sandstone. H, Scour and fill.
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Figure 3e shows a second type of siderite concretion preserved in

laminated shale. These vertical, rod-shaped concretions may have
been formed by iron-rich water flowing up from the compacted peat.
The siderite concretions preserved in non-laminated shales gen-

erally have no definite form. Siderite concretions are well displayed
in the Purington Shale at localities Al, F20, and La2; in the Francis

Creek Shale at localities F18, A5, F17, W59, N; and in the Oak
Grove Limestone, locality El 7, and Cores P17, L3, and PI.

Pyrite concretions are often preserved in coal, underclay, or grey
shale over coals. The concretions are generally amorphous in shape,

ranging in size from finely-divided crystals in a sediment matrix to

5 cm. in diameter. Pyrite concretions form as a result of a high
concentration of reduced organic matter. This may occur as a result

of rapid burial or reducing conditions. Pyrite concretions can be

seen in localities, F17, Knl, Lai, and B2.

Phosphatic concretions characteristically occur in black sheety
shales in northern Illinois. Some of these have been attributed by
Zangerl and Richardson (1963) to coprolites or regurgitates. Phos-

phatic concretions occur in the Mecca Quarry Shale at localities

F17, Knl, and La4, and in Cores B2, P7, L3, L7, and L8.

Scour and Fill

Often used as indicators of current direction, scour and fill struc-

tures are shallow depressions cut out of the substrate by turbulent

or varying velocity currents. Reduced current velocity may lead to

sediment infilling. Scour and fill is seen at the margins of elongate
sandstones in some areas (e.g., Pleasantview Sandstone, Rusnak,

1957; Francis Creek Shale Locality F18).

Small-Scale Folding

Also called intraformational recumbent folding by McKee et al.

(1962), small-scale folding is a result of low-angle slumping or tur-

bid sediment flow. Flame structures or plumes of sediment over-

turned down-current are included in this group. Small-scale folding

was observed in most sheet sandstones and in the upper layers of

the thick grey shales including the Purington and Francis Creek

Shales. Small-scale folding can be seen at localities F18, the Pea-

body Pit 1 1 Highwall, and Core P7.

Convolute Laminations

Convolute laminations have been reported as common features
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of point bars on the lower Mississippi River. They are similar to

small scale folds, and are formed during periods of high current

velocity and turbulence during river flooding (Coleman and

Gagliano, 1965). Convolute lamination was often observed over-

lying beds with small scale folding and parallel laminations in sheet

sandstones from the Francis Creek Shale, Peabody Pit 1 1 Highwall,
and from the upper beds of the Purington Shale; i.e., Core PI (fig.

Id).

Compactional Deformation

This type of structure may occur when fine-grained sediments

are deposited over irregularities in the substrate and then deformed

by sediment weight or overburden. It has been called compactional

micro-faulting by Pettijohn and Potter (1964). In one case lami-

nated silt-clays have slumped around the vertical trunk of an

upright tree at Peabody Pit 11. Because of the lack of strength of

the tree (Dr. James Schopf, pers. comm.) it is concluded that the

sediments were deposited rapidly and compacted soon thereafter.

Compactional deformation also occurs in shales and underclays

adjacent to relatively incompactable material such as sandstone

and concretions, localities F19, N, W59.

Discussion

Physical sedimentary structures have been used extensively in

the environmental interpretation of sandstones. In this study,

shales as well as sandstones were sampled in detail for physical

structures. The physical structures are most abundant in the Mecca

Quarry Shale, member 8 (excepting the upper contact with the Oak
Grove Limestone); the Francis Creek Shale, member 6; the middle

and upper beds of the Purington Shale, member 10; and the

Pleasantview Sandstone, member 1.

Generalizations regarding the distribution of these structures are

summarized in Table 3. Of particular interest are the physical struc-

tures in the shale-sandstone units. The vertical sequences in the

Francis Creek Shale and the Purington Shale (overlain by the

Pleasantview Sandstone), are remarkably similar, and suggest

depositional conditions ranging from low-velocity suspension at the

base to high-velocity traction sedimentation in the upper sand-

stones. Biological structures indicate an extremely high sedimenta-

tion rate in the Francis Creek Shale and a lower rate of sedimenta-
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tion in the Purington Shale. This sequence is commonly seen in

modern prodelta facies (bottomset beds) grading into delta front

facies (foreset beds) and crevass splay facies (topset beds).

BIOLOGICAL STRUCTURES (TRACE FOSSILS)

Biogenic reworking may be evidenced by trace fossils or more

commonly, burrow mottling. In sediments of homogeneous com-

position, however, structures may be indistinct. Intensive biogenic

reworking may also homogenize the sediment, obscuring any

primary structures.

Trace fossils or biogenic structures have certain unique properties

which differentiate them from other fossils and make them well

suited to paleoecological study. Unlike shell assemblages, biogenic
structures are nearly always autochthonous; reworked or trans-

ported structures are rare and easy to identify. In general, the

morphology of a particular trace fossil depends more on animal

behavior than on the morphology of the animal (Seilacher, 1964).

Study in modern sediments indicates that structures may be made

by very different animals reacting in the same way to similar envi-

ronments. Trace fossils, then, are likely to have modern counterparts

possibly made by different animals but comparable on an ecological

basis. In this case, trace fossils may be better indicators of paleo-

environments than shell assemblages. The trace fossils collected

from the Carbondale Formation fall into two of Seilacher 's (1964)

ethological groupings of trace fossils. The Cruziana facies is charac-

terized by current reworked shallow marine sediments with surface

trails of deposit feeders and living burrows of suspension feeders.

The Zoophycos facies is characterized by finer sediments and more
restricted circulation, with internal burrows of deposit-feeding

organisms.

In this section, trace fossils encountered in the study area are

illustrated and described, followed by a brief discussion of their

possible modes of origin.

Chondrites Sternberg

Chondrites is a plant-like, regularly bifurcating tunnel structure

of constant diameter tunnels which never cross each other. Figure

4a, b shows a vertical and horizontal cross-section through a burrow

of this type. Hantzschel (1962) suggests that Chondrites is a

deposit-feeding burrow probably made by marine worms. Seilacher
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( 1967) states that Chondrites is a facies-breaking form which is not

environmentally diagnostic. The Chondrites observed in the study
area are characteristically seen extending down from a limestone
bed into either grey shales or parallel-laminated black sheety shales

below. Chondrites was not observed elsewhere; however, this may
be due to preservation as it would not be visible in highly reworked
sediments. Chondrites was collected at localities F17, F19, F20,
Knl, and La -1.

Rusophycus Hall

Rusophycus is considered to be shallow arthropod resting tracks.

This structure is similar in appearance to Cruziana D'Orbigny
which is described as shallow pocket-like pits, passages, or pocked
burrows shoveled or scratched by trilobites. Figure 5a shows a

vertical view and cross-section of Rusophyscus preserved in a

siderite concretion associated with the Mazon Creek fauna. The size

and configuration of the structure strongly suggests an arthropod

origin. The most likely candidates from the Mazon Creek fauna are

shrimp or the Xiphosuran Euproops which, in feeding on detritus on

the sediment surface, may have made this characteristic structure.

Arthropod tracks fall into Seilacher's Cruziana facies. Rusophycus
was found in only one locality

— in the lower part of thick facies of

the Francis Creek Shale at Peabody Coal Companies' Northern

Illinois Pit 11.

Planolites Nicholson

Planolites is a sediment-filled burrow about 1 cm. in diameter,

showing no regular course or direction (fig. 4e). A structure of

this type from the Mecca Quarry Shale is described by Zangerl
and Richardson (1963) as a gastropod burrow filled with concen-

trated fecal matter. As with Chondrites, Planolites is described by
Seilacher as a facies-breaking trace fossil not diagnostic of any

particular environment. The distribution of Planolites in the study
area is limited mainly to black shale-limestone contacts and grey
shales containing marine fossils, localities F17, F19, F20, Knl,

Mel, and La5.

Dictyodora Weiss

Dictyodora is a folded structure, commonly cutting through

itself, which is irregularly conical and lies with its apex up (fig. 4c).

The structure which is a "spreite" or web of sediment may have
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been made by a surface-living deposit feeder probing its proboscis

through the sediment. Dictyodora is found in association with

Chondrites, Planolites, and Zoophycus at localities F17, F20, and

Knl.

Zoophycos Massalongo

Zoophycos usually occurs as a fan-shaped to screw-shaped

"spreiten" structure with a thin tube (fig. 4h). The name "Zoo-

phycos fades" was taken from this group by Seilacher (1964) to

characterize a deposit-feeding association preserved in low-energy
sublittoral waters below wave base. The distribution of Zoophycos
in Pennsylvanian shales probably reflects environmental energy

(no waves and little or no circulation) rather than a relationship to

depth of water. Zoophycos was collected from the thin fades of the

Francis Creek Shale and the Mecca Quarry Shale at the United

Electric Company Banner Mine, locality F17.

ESCAPE STRUCTURES

As the name implies, escape structures record the activity of a

particular organism in flight, reacting to environmental stress. In a

few cases, the organism is preserved within the structure. More

often, the structure is the only remnant, and its identification as a

biogenic structure is difficult. For example, gas escape structures

may be confused with biogenic escape structures. The presence of

fecal pellets or indications of sediment manipulation would suggest
a biogenic rather than physical origin. A recent study by Peter

Kranz (unpublished Ph.D. thesis, University of Chicago) has shown
that biogenic escape structures occur commonly in the fossil record,

and are often the consequence of very rapid sedimentation.

Opposite:

Fig. 4. Trace fossils. A, Vertical section through contact between black shale and

overlying limestone showing Chondrites burrow extending down into the black

shale from the limestone. Archaeolithophyllum and crinoid fragments are visible in

the limestone. B, Horizontal section through Chondrites burrow showing bifurcat-

ing tubes. C, Dictyodora. D, Large burrow lined with smaller tubes or surface mark-

ings (horizontal section). E, Top-view of Planolites burrow in black shale filled with

shell fragments from overlying limestone. F, Planolites burrow. G, Cross-section of

Planolites burrow showing internal "spreiten" and vertical compaction. A crinoid

fragment is visible to the right. H, Horizontal section through Zoophycos burrow.

Chondrites is visible at lower right.
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Fig. 5. Trace fossils. A,Rusophycus. Vertical cross-section showing characteristic

shape of structure. B, Diagrammatic view of Rusophycus. C, Base of Arenicolites

preserved in a siderite concretion. Fecal pellets are visible within the structure. D,

Vertical cross-section through Arenicolites burrow. E, Bivalve in escape position

preserved within its burrow in a siderite concretion. F, Diagrammatic section of bi-

valve and burrow. G, Escape burrow in sheet sandstone. H, Diagrammatic section

through escape structure.
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The two varieties of escape structure were collected from the

Pennsylvanian sediments of northern Illinois. Bivalve escape struc-

tures are preserved with bivalves in Mazon Creek concretions;

Figure 5e, f shows a typical example from the lower part of the

Francis Creek Shale, Peabody Pit 11. Vertical escape structures

occur commonly in the sheet-sand facies of the Francis Creek Shale.

As there are no conclusive indications of biogenic origin, the pos-

sibility of "gas-escape" is not ruled out.

Arenicolites Salter

Described by Hantzschel (1962), Arenicolites are U-shaped,
rounded, or compressed burrows with "spreite" which are preserved

perpendicular to bedding planes. Figure 5c, d shows a cross-section

of the base of a U-shaped burrow believed to be Arenicolites. A
siderite concretion has preserved only the base of the structure.

A vertical cross-section shows the shape of the burrow and also

structures believed to be fecal pellets. Based on comparisons to

modern forms, Arenicolites seems to be a dwelling burrow of a

suspension-feeding organism. Arenicolites falls into Seilacher's

Cruziana facies of trace fossils. This structure was collected from

the lower beds of the thick facies of the Francis Creek Shale at

localities F18 and W59.

Discussion

In several members studied, trace fossils proved to be particularly

useful as environmental indicators (table 3). For example, Ruso-

phycus and Arenicolites are occasionally collected in siderite concre-

tions from the lower beds of the Francis Creek Shale, along with the

remarkable Mazon Creek fossil biota. Environmentally, their

presence, although rare, is highly significant. Both forms were

probably made by suspension feeders which are the dominant feed-

ing types in the Mazon Creek fauna. They fall into Seilacher's

(1964) Cruziana facies characterized by oscillation ripples and well-

sorted sandstones and shales, products of a well-circulated envi-

ronment. The rarity of these structures in otherwise well-laminated

or rippled sediments suggests, however, that, although the Mazon
Creek Fauna is preserved in these sediments, it was not normally

living here and was probably transported from elsewhere. The fact

that trace fossils occasionally do turn up in this facies does indicate

that some animals were living here if only for a short period of time.

Bivalve escape structures and the resting track Rusophycus sup-

port this contention.



560 FIELDIANA: GEOLOGY, VOLUME 33

A distinctive assemblage of trace fossils is preserved at the top of

the Mecca Quarry Shale. These structures extend about 15 cm. into

the black shale from the overlying Oak Grove Limestone. Com-

monly seen in this association are Chondrites, Planolites, Dic-

tyodora, and Zoophycos. The trace fossils are preserved in a black

laminated shale which shows no evidence of an active infauna prior
to the construction of the above burrows. There is often a large
amount of unexploited sediment between structures. Above the

black shale is usually a limestone containing abundant suspension-

feeding organisms. The suite of trace fossils thus represents a

deposit-feeding association sandwiched between organic sediments,

inhospitable to an infauna (Black Sheety Shale, Zangerl and

Richardson, 1963) and an overlying limestone which is dominated

by the remains of suspension-feeding organisms.

According to some workers (Zangerl and Richardson, 1963;

Hallam, 1967), black sheety shales represent sediments deposited in

waters with very little circulation. With poor circulation, anoxic

conditions may often result in the exclusion of most infaunal organ-
isms. However, if circulation improves, deposition of black lami-

nated shale may be replaced by lighter shales or limestones. The
association of Chondrites, Zoophycos, Planolites, and Dictyodora
seems to represent the remains of a pioneering deposit-feeding

community which invaded sediment previously anoxic, but newly

oxygenated as a result of improved circulation. The incomplete

reworking of the sediment at this level supports the proposition
that the community was rapidly replaced by the diverse suspension-

feeding community represented by the crinoid and brachiopod
remains in the overlying limestone.

INTERACTION BETWEEN BIOGENIC
AND PHYSICAL PROCESSES

In the summer of 1969, I conducted a study of internal sedi-

mentary structures at the mouth of Walker Creek, Tomales

Bay, California. The purpose of this study was to show that

functional relationships exist between certain sedimentary struc-

tures and biological and physical processes in a marginal marine

environment. Studies of this nature have been carried out by other

workers, notably Moore and Scruton (1957). In the Tomales Bay
study, special attention was paid to the presence of benthic organ-

isms and their effect on the types of sedimentary structures pre-

served within the sediment. Over 40 core samples were taken from
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nine localities in Tomales Bay. The cores revealed a spectrum of

sedimentary structures including regular layers (thin beds or

laminae); irregular layers (rough or crude layers or lenses); mottles

(discontinuous lumps, tubes, and pockets); and homogeneous
sediments (structureless). Their distribution in the rocks of the

Carbondale Formation is shown in Table 1 .

Regular Layers

Regular layers are straight, alternating layers of sediment. Layer
thickness may vary from a few millimeters to several centimeters.

It is generally agreed that primary regular layers are formed mainly
by fluctuations in the competence of the transporting agent, or in

the sediment source (Coleman and Gagliano, 1965). In the shallow

waters surrounding river deltas, regular layers are produced during
uni-directional sediment transport through alternation in both

volume of river discharge and character of river load. In areas of

high-current velocity, coarse layers are produced. Finer material is

deposited when current velocities are low or when there is no coarse

material in the river load. In Walker Creek, infaunal organisms are

rarely observed associated with regular layers. Abundant plant

fragments are seen interlaminated with regular layers near the

marsh and were well preserved.

Irregular Layers

Irregular layers are less uniform in appearance than regular

layers. Primary irregular layers are formed on surfaces with minor

irregularities. Most of the irregular layers observed at the mouth of

Walker Creek appear to be of secondary origin. Small-scale slump-

ing, Salicornea rootlets, and burrowing in regular layers were most
often the cause of irregular layers.

Mottles

Mottles are irregularly-shaped lumps and tubes randomly ori-

ented in a matrix of contrasting color or texture. Mottles of primary

origin generally occur as mudclasts or clayballs preserved in a sedi-

ment of contrasting texture. More commonly, mottles are the result

of bioturbation and slumping. Slump structures were confined to

sediments at the edges of channels and beneath marsh deposits.

Homogeneous Sediments

Homogeneous sediments have no apparent internal structure.

Moore and Scruton ( 1957) reported that primary homogeneous sedi-
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merits are deposited in areas where there is no textural variation in

the sediment supplied, or where the depositional rates are very high.

No sediments of this type were identified at the mouth of Walker

Creek; however, two types of secondary homogeneous sediments

were collected in the study area. Coarse, well-sorted homogeneous
sands are commonly formed in tidal channels by wave and current

winnowing of finer material. Benthic organisms are rare in these

areas. Poorly sorted, secondary homogeneous sediments are the

most prevalent deposits encountered in the study. Areas where

these sediments are preserved are generally remote from the influ-

ence of Walker Creek. Vertical polychete burrows up to 25 cm. long
are common to abundant. Infaunal organisms appear to be rework-

ing the sediment to a depth of 25 cm. and depositing fine material at

the surface in the form of feces, pseudofeces, and mounds.

Discussion

The relationship between internal sedimentary structures and

biogenic activity is summarized in Figure 6. In areas with high in-

faunal activity (primarily sediment reworking by polychetes), sedi-

ments are mottled to homogeneous. Conversely, in areas with little

or no infaunal activity, physical sedimentary structures are domi-

nant and show little or no disturbance by organisms.

It is suggested that the results of the Tomales Bay Study can be

applied to sedimentary rocks as an independent line of evidence for

the presence of an infauna. For example, the absence of fossils with-

in a sedimentary rock can be explained as a function of either exclu-

sion of the living organisms, by environmental factors (if there is no

biologic sediment reworking), or by lack of preservation of fossils

due to diagenesis (if burrowing is indicated). As a corollary, if

benthic fossils are preserved in rocks lacking in biogenic sedimen-

tary structures, one might infer the organisms are not living on or in

the sediments in which they were deposited, but were transported
there.

DISTRIBUTION OF INTERACTION STRUCTURES
IN THE CARBONDALE FORMATION

Table 3 shows the stratigraphic distribution of interaction struc-

tures and inferences on their environmental significance. In general,

these structures are most useful in interpreting variations in envi-

ronmental conditions within single depositional units. Both the

Francis Creek Shale and the Purington Shale and overlying Pleas-
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antview Sandstone show a vertical progression from bioturbated

sediments with homogeneous and mottled structures (to a lesser

degree in the Francis Creek Shale) at the base to physical process
dominated sediments at the tops of the units (regular layers). This

type of sequence was noted by Moore and Scruton (1957) going
from off-shore prodelta facies (slow deposition), to delta front facies

(active depositional processes) in modern deltaic environments.

Interpretation of the Purington Shale, Pleasantview Sandstone,
and Francis Creek Shale as deltaic deposits has been previously
advanced (Wanless et al., 1970; Shabica, 1970) and is supported by
these structures as well as the physical sedimentary structures.

However, stratigraphic position and evidence for rapid sedimenta-

tion suggest the Francis Creek Shale represents a delta-plain deposit

ranging from crevass splay to interdistributary bay conditions.

CONCLUSION

The strata of the Carbondale Formation contain a diverse spec-
trum of internal sedimentary structures. Ranging from homogene-
ous or laminated sediments to complex burrows of benthic organ-

isms, the structures often prove highly useful in environmental re-

construction studies. By combining the data on sedimentary struc-

tures with fossil and stratigraphic evidence, a more complete pic-

ture of depositional conditions is possible. In addition to specific

interpretations of each sedimentary structure, certain generaliza-
tions have been made regarding their stratigraphic positions in the

cyclothem. These are summarized in Table 3. It must be emphasized
that the sedimentary structures in themselves are not as useful as

they are when placed in proper stratigraphic and facies relation-

ships.

I have observed sedimentary structures similar to the ones de-

scribed in this paper in numerous other Pennsylvanian strata in

Illinois and Indiana. It is hoped that the information in this paper

may prove useful in interpreting Pennsylvanian rocks not discussed

here, particularly those drab shales and sandstones in which other

data is minimal.

APPENDIX 1

Locality Information

A5 Bluff, S.W. 1/4 , S.E.
1/4 , sec. 12, T.1N., R.5W., Adams Co., 111.
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B2 Core, Illinois Geological Survey, N.E. 54, S.E.'/., S.W.'/i, sec.

27, T.15N., R.6E., Bureau Co., 111.

F8 E. bank of channel, N.E. 54, S.E. 'A, sec. 32, T.5N., R.3E.,
Fulton Co., 111.

F10 Ravine, N.W. 54, N.E. 54, sec. 16, T.4N, R.3E., Fulton Co.,

111.

Fll Outcrop, S. 54, S.E. 54, sec. 5.T.3N., R.3E., Fulton Co., 111.

F17 United Electric Co., Mine No. 27, N.E. 54, S.E. 54, N.W. 54,

sec. 7, T.6N., R.6E., Fulton Co., 111.

F18 Republic Coal and Coke Products Co., Vermont, Illinois.

F19 High Bluff, S.W. 54, N.W. %, sec. 4, T.5N., R.3E., Fulton

Co., Illinois.

F20 Ravine, N. 54, N.W. 54, N.W. 54, sec. 17, T.5N, R.4E., Fulton

Co., 111.

Knl Cut bank, Spoon River, N.W. 54, N.W. 54, N.E. 54, sec. 13,

T.10N., R.3E., Knox Co., 111.

Lai Ristokrat Brick Co., Sec. 8, T.32N., R.2E., LaSalle Co., 111.

La4 Core, Illinois Geological Survey, S.E. 54, S.E. 54, S.E. 54, sec.

27, T.30N., R.2E., LaSalle Co., 111.

La5 Core, Illinois Geological Survey, S.W. 54, S.W. 54, N.W. 54,

sec. 15, T.30N., R.2E., LaSalle Co., 111.

L Peabody Coal Companies Northern Illinois Mine, Pit 11, N.W.

54, N.E. 54, S.E. 54, sec. 20, T.31N., R.9E., Will Co., 111.

L3 Core, Illinois Geological Survey, 40' S. line, 60' W. line, S.W.

54, S.W. 54, sec. 21, T.28N., R.6E., Livingston Co., 111.

L7 Core, Illinois Geological Survey, N.E. 54, N.E. 54, N.W. 54,

sec. 3, T.29N., R.3E., Livingston Co., 111.

L8 Core, Illinois Geological Survey, N.E. 54, S.E. 54, sec. 34,

T.30N., R.3E., Livingston Co., 111.

L12 Core, Illinois Geological Survey, N.W. 54, N.W. 54, N.E. 54,

sec. 2, T.27N., R.6E., Livingston Co., 111.

L16 Core, Illinois Geological Survey, N.W. 'A, N.W. 54, N.E. 54,

sec. 2, T.26N., R.7E., Livingston Co., 111.

Ma2 Core, Illinois Geological Survey, sec. 27, T.12N., R.9E.,

Marshall Co., 111.

Mel Core, Illinois Geological Survey, T.24N., R.6E., Maclean

Co., Illinois.

N Peabody Coal Companies, Northern Illinois Mine, Pit 11,

center, N.W. 54, sec. 21, T.31N., R.9E., Will Co., 111.
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PI Core, Illinois Geological Survey, S.W. %, N.W. %, sec. 8,

T.8N., R.5E., Peoria Co., 111.

P7 Core, Illinois Geological Survey, 654' N. line, 433' E. line,

S.W. 1/4 ,
N.W. %, sec. 8, T.8N., R.5E., Peoria Co., 111.

W59 Peabody Coal Companies, Northern Illinois Mine, Pit 11,

sec. 20, 30, 31, T.31N., R.9E., Will Co., 111.
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